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DETAILED ACTION 

Responsive Office Action 
This Office Action is responsive to the remarks and amendments filed 1/22/2008. 

Information Disclosure Statement 
The information disclosure statement (IDS) submitted on 10/25/2007 has been 
considered by the examiner. 

Claim Objections 

Claims 12 and 31 are objected to because of the following informalities: please change 
"each element" (e.g. line 1 of claim 12) to "each heater element" to conform to the anteceding 
"heater element" disclosed in the independent claims. Appropriate correction is required. 

Double Patenting 

Claim 1 is rejected on the ground of nonstatutory obviousness-type double patenting as 
being unpatentable over claim 1 of U.S. Patent No. 7278716 in view of Manaka (JP 07-05943). 
Regarding claims 1, 19, and 38: 

Claim 1 of U.S. Patent No. 7278716 discloses all claimed limitations except that an 
ejectable liquid inlet and the nozzle aperture are aligned such that they have a common central 
axis, and 
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the heater element has two bubble nucleation regions that are laterally offset from the 
central axis, wherein the lateral offset of one of the bubble nucleation regions is equal and 
opposite to the lateral offset of the other bubble nucleation region. 

However, Manaka disclose a printhead in which an ejectable liquid inlet (section of ink 
feeding channel 14 directly below ink chamber 13 as shown in Fig. 18) for establishing fluid 
communication between a nozzle aperture and an ejectable liquid supply (page 14, lines 14-16), 
the ejectable liquid inlet and the nozzle aperture being aligned such that they have a common 
central axis (Fig. 18); and heater elements (heater element 12) comprising two bubble nucleation 
regions (top and bottom regions of heating part 16a - Fig. 13), wherein the two bubble 
nucleation regions also being laterally offset from the central axis (Figs. 13 & 18), the lateral 
offset of one of the bubble nucleation regions being equal and opposite to the lateral offset of the 
other bubble nucleation region (Figs. 13 & 18). Manaka teaches that such a printhead 
configuration reduces power consumption and improves thermal efficiency (page 7, lines 20- 
24). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to utilize the heater configuration disclosed by Manaka into the printhead 
disclosed by claim 1 of U.S. Patent 7278716. 
Regarding claims 6, 8, 10-18, 25, 27, 29-37, 43, 44, and 46-54: 



These claims are rejected as shown by the following table: 



Claim # of Instant Application 10/773187 


Claim # ofU.S. Patent 7278716 B2 


6, 25, 43 


7 


8, 27, 44 


9 
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10 




11 


12 31 48 


12 


'^9 i^n 


13 


14 33 49 


14 


15 34 51 


15 


16, 35, 52 


16 


17, 36, 53 


17 


18, 37, 54 


18 



Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth 
in section 102 of this title, if the differences between the subject matter sought to be patented and the prior 
art are such that the subject matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

Claims 1, 4-5, 7, 11-13, 16, 19, 22-24, 26, 30-32, 35, 38, 41-42, 47-48, 50, and 52 are rejected 
under 35 U.S.C. 103(a) as being unpatentable over Manaka (fP 07-05943) in view of Whitman 
(US 6213587 Bl). 
Regarding claims 1, 19, and 38: 

Manaka discloses an ink jet printhead comprising: 

a plurality of nozzles (nozzle holes 12a), each nozzle having a nozzle aperture (Fig. 18); 
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a bubble forming chamber (ink chamber 13) corresponding to each of the nozzles 
respectively (Fig. 18); 

an ejectable liquid inlet (section of ink feeding channel 14 directly below ink chamber 13 
as shown in Fig. 18) for establishing fluid communication between the nozzle aperture and an 
ejectable liquid supply (page 14, lines 14-16), the ejectable liquid inlet and the nozzle aperture 
being aligned such that they have a common central axis (Fig. 18); 

a heater element (heater element 16) disposed in each of the bubble forming chambers 
respectively (Fig. 18), the heater element having two bubble nucleation regions (top and bottom 
regions of heating part 16a - Fig. 13) suspended within the bubble forming chamber in a plane 
that is parallel to that of the nozzle aperture (Figs. 17-18) such that, in use, a layer of an ejectable 
liquid is between the plane of the two bubble nucleation regions and that of the nozzle aperture 
(page 11, lines 13-22 & Figs. 4b-4c), the two bubble nucleation regions also being laterally offset 
from the central axis (Figs. 13 & 18), the lateral offset of one of the bubble nucleation regions 
being equal and opposite to the lateral offset of the other bubble nucleation region (Figs. 13 & 
18), such that 

heating the heater element to a temperature above the boiling point of the bubble 
forming liquid forms a gas bubble (17) that causes the ejection of a drop of the ejectable liquid 
through the nozzle aperture corresponding to that heater element (page 10, lines 3-10); wherein 

the bubble nucleation regions are spaced from each other such that bubbles nucleated at 
each will grow until they unite to form the gas bubble that causes the ejection of a drop of 
ejectable liquid (page 11, lines 13-17). 

Manaka does not expressly disclose that the plane on which the heater element is 
suspended is less than 5 microns from the nozzle aperture. 
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However, Whitman discloses that heater elements should be kept at a distance of about 
8 microns to about 27 microns away from a nozzle plate (col. 8, lines 9-13), since such a 
separation distance greatly improves printhead reliability (col. 15, lines 48-52). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to suspend Manaka's heater element on a plane that is less than 5 microns from 
the nozzle aperture, since a separation distance of less than 5 microns falls within the disclosed 
range of "about 8 microns to about 27 microns." 
Regarding claims 4, 7, 22, 26, and 41: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the heater element is formed predominantly from titanium 
nitride (page 5, lines 9-11). 
Regarding claims 5, 24, and 42: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the bubble forming liquid and the ejectable liquid are of a 
common body of liquid (page 11, lines 14-22 & Figs. 4b-4c). 
Regarding claims 11, 30, and 47: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that each heater element (16) has two opposite sides (the top and 
bottom sides of heating part 16a shown in Fig. 13) and is configured such that the gas bubble 
(17) formed by that heater element is formed at both sides of that heater element (page 11, lines 
14-22 & Fig. 13). 

Regarding claims 12, 31, and 48: 
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Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
but Manaka as modified by Whitman does not expressly disclose that the bubble that each 
heater element is configured to form is collapsible and has a point of collapse, and wherein each 
heater element is configured such that the point of collapse of a bubble formed thereby is 
spaced from that heater element. 

However, Campbell et al. teach that each bubble (bubble 22) formed by a heater 
element (heater elements 12) collapses to a point (col. 3, lines 14-19), and that a heater element 
having a small opening, such as that disclosed by Manaka, forms a bubble that collapses to a 
point that is spaced away from the heater element (col. 3, lines 14-19). 

Therefore, Campbell et al. teach that the heater element of Manaka as modified by 
Whitman discloses all claimed limitations. 
Regarding claims 13, 32, and 50: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the printhead comprises a structure (cover plate 12), wherein 
nozzles are incorporated on the stiucture (Fig. 18). 

Examiner notes the additional limitation that the structure is formed by CVD. However, 
this limitation concerns a method of forming the structure, which is not germane to the 
patentability of the structure itself. Because the structure, as claimed, can be formed by a 
variety of other methods, this limitation has not been given patentable weight. 
Regarding claims 16, 35, and 52: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the heater element (12) includes a solid material more than 90% 
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of which is constituted by at least one periodic element having an atomic number below 50 (TiN 
- page 5, lines 9-11). 
Regarding claim 23: 

Manaka as modified by Whitman disclose all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the system is configured to support the bubble forming liquid 
in thermal contact with each heater element, and to support the ejectable liquid adjacent each 
nozzle (page 11, lines 10-22). 

Claims 6, 10, 14, 25, 29, 33, 43, 46, and 49 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Manaka as modified by Whitman, as applied to claims 1, 19, and 38 above, 
and further in view of Silverbrook (US 6019457). 
Regarding claims 6, 25, and 43: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the printhead is configured to print on a page (page 6, lines 3- 
5). 

Manaka as modified by Whitman does not expressly disclose that the printhead is a 
page-wide printhead. 

However, Silverbrook discloses that printheads (heads 200) configured to be page-wide 
printheads (col. 6, lines 7-12), are capable of printing on the width of an A4 page in a single 
printing scan (col. 6, lines 7-12). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to configure Manaka's printhead to be a page-wide printhead. 
Regarding claims 10, 29, and 46: 
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Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the printhead comprises a substrate (cover plate 12). 

Manaka as modified by Whitman does not expressly disclose that the areal density of 
the nozzles relative to the substrate exceeds 10000 nozzles/ cm2 of substrate surface. 

However, Silverbrook discloses a printhead comprising a substrate surface, and that 
forming the printhead to have a nozzle density relative to the substrate surface greater than 
12207 nozzles/ cm2 (using the reference measurement of Fig. 43) allows the printhead to print 
up to 16 drops per pixel (col. 16, lines 60-62). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to configure the printhead of Manaka as modified by Whitman to have a nozzle 
density exceeding 10000 nozzles/ cm2 relative to the substrate surface. 
Regarding claims 14, 33, and 49: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Manaka also discloses that the printhead comprises a structure (cover plate 12), wherein 
nozzles are incorporated on the structure (Fig. 18). 

Manaka as modified by Whitman does not expressly disclose that the structure is less 
than 10 microns thick. 

However, Silverbrook discloses that providing a structure (overcoat 142) that less than 
10 microns thick (col. 9, lines 8-10) onto a nozzle plate provides increased levels of protection 
against the air (col. 9, lines 5-8). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to utilize an overcoat, such as disclosed by Silverbrook, onto the cover plate of 
Manaka as modified by Whitman. 
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Claims 9, 28, and 45 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Manaka as modified by Whitman, as applied to claims 1, 19, and 38 above, and further in view 
of Hara et al. (US 4376945). 
Regarding claims 9, 28, and 45: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
but Manaka as modified by Whitman does not expressly disclose that the heater elements are 
configured such that the energy required to cause ejection of the drop is less than the energy 
required to heat a volume of the ejectable liquid from ambient temperature to the boiling point. 

However, Hara et al. disclose a printhead (recording head 109) that is configured to 
receive a supply of ejectable liquid at an ambient temperature, and that preheating the 
printhead (recording head 109) to within 2-3 degrees below the boiling point requires less 
energy to eject a droplet (col. 31, lines 19-21, 26-29), thus improving the energy efficiency of the 
printhead (col. 30, lines 12-17). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to preheat the printhead of Manaka as modified by Whitman such that the energy 
required to cause ejection of the drop is less than the energy required to heat a volume of the 
ejectable liquid equal to a volume of the drop from ambient temperature to the boiling point. 

Claims 15, 18, 34, 37, 51, and 54 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Manaka as modified by Whitman, as applied to claims 1, 19, and 38 above, and further in 
view of Kubby (US 5706041). 
Regarding claims 15, 34, and 51: 
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Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
and Whitman also discloses that the printhead comprises a plurality of nozzle chambers (page 
7, lines 10-14) each corresponding to a respective nozzle (Fig. 18). 

Manaka as modified by Whitman does not expressly disclose that a plurality of the 
heater elements are disposed within each chamber, the heater elements within each chamber 
being formed on different respective layers to one another. 

However, Kubby discloses a plurality of heater elements (doped regions 20a & 20b) 
disposed within each chamber (Fig. 4), wherein the heater elements within each chamber are 
formed on different respective layers (col. 4, lines 26-55). By providing such a heater 
configuration, Kubby teaches that the printhead is capable of emitting droplets of two distinct 
droplet sizes (col. 4, lines 56-66). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to provide two heater elements on different respective layers, such as disclosed 
by Kubby, into the invention of Manaka as modified by Whitman. 
Regarding claims 18, 37, and 54: 

Manaka as modified by Whitman discloses all the limitations of claims 1, 19, and 38, 
but Manaka as modified by Whitman does not expressly disclose that each heater element has 
a conf ormal protective coating on any parts exposed to the bubble forming liquid, the coating of 
each heater element having been applied substantially to all sides of the heater element 
simultaneously such that the coating is seamless. 

However, Kubby discloses covering each heater element (polysilicon layers Polyl & 
Poly 2) with a conf ormal protective coating (Tantalum protective layer) on all sides of the heater 
element such that the coating is seamless (col. 4, lines 13-22 and Fig. 4). Kubby teaches that such 
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a coating prevents corrosion of the semiconductor structures from contact with ink (col. 4, lines 
13-22). 

Therefore, at the time of invention, it would have been obvious to a person of ordinary 
skill in the art to utilize a protective coating on all sides of the heater elements disclosed by 
Manaka as modified by Whitman. 

Claims 17, 36, and 53 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Manaka as modified by Whitman, as applied to claims 1, 19, and 38 above, and further in view 
of DeMoor et al. 

Regarding claims 17, 36, and 53: 

Manaka as modified by Whitman disclose all the limitations of claims 1, 19, and 38, but 
Manaka as modified by Whitman does not expressly disclose that the heater elements are 

configured for a mass of less than 10 nanograms to be heated to cause ejection of a drop. 

However, DeMoor et al. disclose that forming heater elements comprising a mass of 
less than 10 nanograms (page 285, Fabrication: Ti thickness = 5nm; TiN thickness = 30nm; heater 
width = 2000nm; heater width = 0.4nm. Therefore, the volume of Ti within the heater is 4*10-i2 
cm3, and the volume of TiN within the heater is 2.4*10-ii cm^. Using the known densities of Ti = 
4.54 g/ cm3 and TiN = 5.22 g/ cm^, the heater element has an entire mass of 0.14344 ng) shows 
excellent resistivity uniformity and low TCR values (page 293 - Conclusions). 

At the time of invention, it would have been obvious to a person of ordinary skill in the 
art to form the heater elements of Manaka as modified by Whitman heater of less than 10 
nanograms of solid material, which serves to heat the bubble forming liquid above the boiling 
point. 
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Allowable Subject Matter 

Claims 8, 27, and 44 would be allowable if rewritten to overcome the Double Patenting 
rejection(s) set forth in this Office action and to include all of the limitations of the base claim 
and any intervening claims. 

Claim 8 contains allowable subject matter since the prior art of record does not disclose, 
teach, or suggest an ink jet printhead comprising a heater element that is configured such that 
an actuation energy of less than 500 nanojoules is required to form the bubble to cause the 
ejection of the drop. It is this limitation, in combination with other features and limitations of 
claim 8, that makes this claim allowable over the prior art of record. 

Claim 27 contains allowable subject matter since the prior art of record does not disclose, 
teach, or suggest a printer system incorporating a printhead comprising a heater element that is 
configured such that an actuation energy of less than 500 nanojoules is required to form the 
bubble to cause the ejection of the drop. It is this limitation, in combination with other features 
and limitations of claim 27, that makes this claim allowable over the prior art of record. 

Claim 44 contains allowable subject matter since the prior art of record does not disclose, 
teach, or suggest a method of ejecting drops of an ejectable liquid comprising the step of heating 
the at least one heater element by applying an actuation energy of less than 500 nanojoules. It is 
this limitation, in combination with other features and limitations of claim 44, that makes this 
claim allowable over the prior art of record. 

The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. Silverbrook (US 5796416), for example, discloses heater elements that form a droplet 
with an actuation energy of less than 500 nanojoules. However, because actuation energy is 
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directly dependent upon the structure and configuration of the heater element, it would be 
improper to assume that the heating pulse disclosed in Silverbrook would actuate Campbell et 
al.'s heater element to produce a drop. 



Response to Arguments 

Applicant's arguments with respect to claims 1, 19, and 38 have been considered but are 
moot in view of the new ground(s) of rejection. Please see the above obviousness rejections 
based on the disclosures provided by Manaka and Whitman. 

Applicant's arguments, concerning the inclusion of 5 microns, have been fully 
considered but they are not persuasive. Whitman discloses providing a heater to nozzle plate 
spacing of about 8 microns to about 27 microns . Because this range is not limited to only the 
distances between 8 and 27 microns, an obvious variation of this teaching would allow a 
spacing of less than 5 microns. Therefore, the invention of Manaka as modified by Whitman 
properly discloses all claimed limitations. 
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Communication with the USPTO 
Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SHELBY FIDLER whose telephone number is (571)272-8455. 
The examiner can normally be reached on M-F 8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew Luu can be reached on (571) 272-7663. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http:/ / pair-direct.uspto.gov. Should you have questions on access to the P*rivate 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you 
would like assistance from a USPTO Customer Service Representative or access to the 
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Shelby Fidler/ 
Patent Examiner 
AU 2861 
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Supervisory Patent Examiner, Art Unit 2861 



